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1. Executive Summary 
 
The main outcomes of the project were to reduce electricity usage, provided greater 
flexibility in control of energy use for heating and minimise costs and provides improved 
user amenities. 
 
The initial scope of the project includes the installation of Ground Source Heat Pumps 
(GSHP), upgrades to process control equipment and the installation of variable speed 
drives (VSD) on the pool circulation pumps. These systems were be tied into the existing 
infrastructure at the centre. Some additional upgrades to existing infrastructure ere also 
required to complete electrical and plumbing system compliance. The project was carried 
out in a number of phases.  
 

Phases Main Components 

Phase 1 Control System Upgrades and VSD installation 

Phase 2 Ground Source Heat Pump Installation 

Phase 3 Additional Works for Pool Filtration & Water Treatment 

 

The project had a range of prerequisites that were conducted before project could be 
commenced included: 

 Approval from the Community / Stakeholders has been received 

 Detail GHSP technology investigation and design completed 

 Authority Approvals obtained if necessary, non required 

 Tender documents prepared and evaluated 

 Funding secured and contracts issued 
 
Overall the GSHP system is more efficient than the ASHP system that current remains in 
place a peak demand system, as can be seen in Attachment 2 EMC Report, below is a 
summary of existing and new technologies compared side by side; 
 

 Ambient 
Temp 

Calculated 
Power Kw 

Coefficient of 
Performance CoP 

Sample 
Date 

Degrees ASHP GSHP ASHP GSHP 

20 Jan 14 36.4 320 195 3.96 5.53 

23 Jan 14 32.8 244 146 3.00 6.61 

12 Feb 14 28.5 313 * 4.83 * 

13 Feb 14 18.0 223 * 2.93 * 

15 Jun 14 15.5 320 155 3.30 3.8 

      
*Mechanical faults at this time 

 
The early results of the GSHP are promising, operational controls and the amount of time 
the system runs versus any mechanical issues between both systems will determine the 
overall performance and energy usage the of the Manjimup Regional AquaCentre. As 
recommended by the EMC report ongoing monitoring and system refinements will be 
need to maintain the best performance from the GSHP system. 
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2. Project Objectives 
As stated in the CEEP the Project Plan the objectives and benefits have been reviewed 
as per below; 
 
Project Objective 
Improve the operational flexibility for controlling heating times and rates, improving pump 
efficiency and to reduce the amount of electricity used for pool and space heating.  
 
 
Specifically the project has provided the following benefits; 

Objective Benefits Result 

Stage 1 

Upgrade of 

Program Logic 

Controllers 

(PLC) and 

Variable Speed 

Drives (VSD) 

Provide 24 hour reduced 

electrical pumping costs as well 

as off peak pumping control 

Installed VSD to Main Recirculating 

(filtration) pumps successfully and 

new PLC will enable further upgrades 

to heating circulation pumps on VSD, 

hence higher pumping and heating 

efficiencies in the future. 

Remote management and 

automated fault identification has 

been added to the PLC system 

and allows contractors direct 

diagnostic tool to remedy any 

mechanical issues externally. 

Operational staff no longer need to go 

to the plant room multiple time per day 

to fault find problems, as faults are 

reported directly to office which mean 

less down time and heating loss in 

pools, saving chemical and heating 

costs. 

Stage 2 

Installation of 

Ground Source 

Heat Pumps 

(GSHP) for Pool 

& Space heating 

Provide cost effective and lower 

baseline pool & air heating 

Refer to EnerNOC Energy Usage 

profile - ASHP to GSHP attached, 

high peaks are old ASHP 

Provide alternative energy source 

rather than single option (low 

efficiency) electric Air Source 

Heat Pump (ASHP) 

Backup Air space heating and cooling 

system available in Building 

Management System (BMS) using 

manual controls 

Extend current life expectancy of 

ASHP 

Money saved in reduced energy cost 

will allowed for better asset 

management of existing ASHP 

systems 
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3. Project Energy Efficiency Activities 
 

Catchment & Location 
 
Region 
The Shire of Manjimup, with a population in excess of 9700 people, lies in the heart of the 
South West region of Western Australia, and assumes responsibility for being a regional 
centre servicing other towns such as Pemberton, Northcliffe and Walpole.   
 

Location  
The project will take place entirely within the confines of the Manjimup Regional 
AquaCentre (MRAC). The GSHP will be located in the ground surrounding the MRAC, 
interconnecting pool heat exchangers and air handling fan units in the HVAC room. The 
VSDs and control changes will be located within the main plant room at MRAC and will 
include a switchboard upgrade to deliver this project. 
 

 

Figure 1: Available locations for installation of ground loops 

 
At MRAC the following technology were implemented to achieve a total pool heating and 
air (space) conditioning system upgrade for improved energy efficiency; 

 

Facility Area Equipment Specification 

Pool Main Switch Board Program Logic 
Controller 

Mitsubishi PLC & Led Screen 

Pool Main Switch Board Variable Speed Drives Invertek – Pool Drives 

Administration Office PLC Control Monitor Remote dial in Pc & Screen 

Flat Plate Exchanger Area Hydraulic Control Valves Valpes VS 150 Actuators 

Air Handling & 

Pool Plant 

room 

GSHP bore 

field location 

Future Leisure 

Pool Plant 

room 

N 
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50m Evacuation Area EarthLink GSHP 6 x Combination Air & Water Units 
& 1 x Water only heating unit 

Air Handling Room Earthlink Water 
Exchanger 

7x Double Coil Exchangers 

Air Handling Room Accent Heat Pump Reverse Cycle AC for Pool Hall for 
GSHP 

Ground Bore Installation Earthlink Cathodic 
System 

7 x Static Protection units 

 
Within the project additional capital expenditure was approved, including State and Local 
Government co-contributions for the following; 

 Decoupling the Group Fitness Room for centralised (old PLC) to a standalone remote 
for HVAC reverse cycle air conditioning system 

 Relocation of the Facility Administration Server and ADSL Network to dry store area 

 Replacement of gel ASDL cable for plant room controls with Fibre Optic cable and 
separate controls cabinet to Pool Plant room 

 Upgrade of Pool Filtration system to automated backwash system also controlled by 
the Mitsubishi PLC 

 Replacement of twin (2x) pool pumps due to under performance of filtration flow with 
a single 130 Kw pool pump and backup unit for filtration and heating recirculation 
system 

 
During the technology implementation stages of the project as expected there was a few 
issues between contractors and maintaining the drilling timeline due to the very high rainfall 
periods and conditions. As the project progressed the shut down when very smoothly with 
the main challenges faced during the technology integration from the old PLC system to 
the new PLC system which required having the facility heating and pumping systems down 
for short periods of time, which that had to be worked around operational programming. 
 
The other issue effecting the project integration of new GSHP was the mechanical 
soundness of the old Air Source Heat Pumps for Pool and AC conditioning system. Several 
times the final commission was delayed due to mechanical issues with the Air Handling 
System and/or the heat pumps, requiring contractors to be called down from Perth for 
maintenance repairs mechanical problems including compressors, fans and loss of 
refrigerant gas with leaks. The end result of the ongoing maintenance cycle for this 
equipment has meant a changed from full automation between the ASHP for Air (Space ) 
Heating & Cooling to having manual controls to swap between systems when the Air 
Source Heat pumps break down. 
 
To overcome various issues the project team and principle contractors - WA Geothermal & 
CDJ Engineering required clear communication and negotiation where critical issues of 
integration needed a contingency or resolution. Some of the complex electrical problems 
would have been resolved easier, if the facility had a complete and comphrensive series of 
electrical wiring plans from the original construction. This diagrammatic wiring issue should 
be addressed by the Shire of Manjimup before any other major upgrades are undertaken. 
 
During the project review process there has been delays preparing the final report due to 
the lack of mechanical reliability of the ASHP for pool and space heating (old System) and 
then comparing of the new GSHP energy data to make any long term statistical verification 
giving the short of period time the technology has been running and sample periods under 
the initial grant activity milestones.  
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4. Project Demonstration and Communication Activities 
Stakeholder Engagement 

A range of groups have been engaged during this project including the local the renewable 
energy group and a number of the sport clubs / organisations that regularly use the facility. 
They had expressed support for an energy efficiency project at the facility and the benefits 
they are now receiving. 
 

Project Stakeholders Relationship 

Shire of Manjimup Project Sponsor / Facility Owner 

Warren Blackwood Renewable 

Energy Group 

Regional Sustainability Group 

Department of Sport & Recreation WA Government Funding Partner 

Department of Climate Change Federal Government Funding 

Partner 

 
As the project progressed all stakeholders and the general community where kept abreast 
of progress via council website, newsletter and publicity / advertising in the local 
newspaper, Manjimup Bridgetown Times. 
 

 
Photo – Community Education Banner in Entrance to MRAC 

 
 
The local energy sustainability group (WBREG) was involved with presenting & distributing 
the educational materials to both Primary & Secondary High School students part of 
Science & Environment study students and broadly in the general community. 
 
Towards the end of the project local Shire Councillors and State funding partner, 
Department of Sport and recreation where given personalised tours of the facility and the 
integrated infrastructure at MRAC. 
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5. Outcomes and Benefits of the Project 
During this project the CEEP objectives were meet with the introduction of new technologies 
and with additional capital expenditure at the facility, which cases the Aquatic Facilities with 
pioneering new pool heating and energy technologies that are expected to provide high 
return on investment and direct economic and health benefits to the community. 
 
As per the revised Project Energy Efficiency Improvement Assessment from Milestone 
Report 2 back in July 2013 the following information was reviewed by EMC and remains 
correct; 
 

Baseline Energy Usage 

931,679kWh per annum of electricity. (November 2011 to October 2012) 

Total energy baseline: 3,354GJ (3.11MJ/l/year) 

Estimate of electrical energy used for pool heating: 1,949GJ 

Baseline Energy 

Efficiency 

Pool heating baseline energy efficiency: 

1,949GJ/1,077,000l=1.81MJ/l/year (by pool volume) 

1,949GJ/35,521visits=55MJ/visit (by patronage) 

Energy Efficiency 

Improvement 

Estimated that total energy use for pool heating will be reduced to 671J 

per year. New ratio: 0.62MJ/l/year (by pool volume) and 19MJ/visit (by 

pool patronage) 

 
As per Attachment 2, the EMC end of Project states the following in regards to performance 
of the GSHP & ASHP system; 
 

Data has been collected to compare the COP of the GSHP vs ASHP systems. It is 

particularly important to determine the COP of the ASHP at different ambient temperatures. 

This provides input into the decision as to when it is beneficial to run the ASHP instead of 

the GSHP. Prior to this data being collected, an outside ambient temperature of 20°C has 

been used as the threshold above which the ASHP system has been used. The data 

collected indicate that this is too low and that this threshold should be increased.  

Data collected for the ASHP: 

Date Ambient 

temperature 

°C 

Inlet water 

temperature 

°C 

Outlet water 

temperature 

°C 

Flow rate 

l/min 

Calculated 

power /kW 

COP 

20 Jan 36.4 29.8 34.4 1000 320 3.96 

23 Jan 32.8 29.9 33.7 1000 244 3.00 

12 Feb 28.5 30.9 35.4 1000 313 4.83 

12 Feb 25.0 30.6 33.5 1000 230 3.55 

13 Feb 18.0 30.3 33.5 1000 223 2.93 

13 Feb 15.8 30.2 33.4 1000 223 2.89 

15 June 15.5 31.3 36.4 1000 320 3.30 
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For the GSHP System, the following data has been collected.  

Date Ambient 

temperature 

°C 

Inlet water 

temperature 

°C 

Outlet water 

temperature 

°C 

Flow rate 

l/min 

Calculated 

power /kW 

COP 

20 Jan 36.4 29.8 32.6 950 195 5.53 

23 Jan 20.5 30.7 32.8 950 146 6.61 

12 /13 

Feb 

Mechanical Warranty Repairs being undertaken, no data could be collected. 

15 Jun 15.5 31.2 33.6 950 155 3.8 

 

The comparison indicates the GSHP system was very efficient after commissioning. 

However, the efficiency does seem to have reduced over time.  It is recommended that the 

threshold temperature at which GSHP is used be increased to increase the proportion of 

time during the warmer months that the GSHP system runs in pool heating mode.  

The results also show that the modelling that was done as justification for this project was 

broadly correct as the COPs used in the modelling were in line with the COPs that are now 

being measured in practice.  

In order to achieve the financial and environmental savings envisioned in the modelling and 

project justification, the GSHP units need to be used more often than they are currently.  

Further examination of performance in June 2014 has indicated somewhat poorer 

performance of the GHSP units. This may be due to a reduction in the amount of heat 

available in the ground. However, this needs to be investigated further.  

 
Additional Benefits from Project 
With careful budget management and engineering the project (Stage 3) also saw the 
inclusion of intermediate transfer heat pump between the 25m Lap Pool and Leisure Pool. 
The water to water heat pump extracts heat from the common return line (Lap pool) and then 
via small heat pump conducts a direct heat transfer boosting the leisure pool water, creating 
a temperature differential of 3 degrees (29dc Lap to 32 dc in Leisure) which had never been 
achieved since the origin construction of MRAC. 
 
The original swimming pool hall air handling system has struggled to manage high humidity 
in the indoor heated pool environment, one of the most significant improvement in customer 
comfort and being able to reduce the ongoing asset maintenance is having a consistent 
humidity setting, 65 degrees, rather than water dripping from the ceiling during the cooler 
months of the year. 
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As far as economic benefits to the region, the Manjimup Regional Aqua Centre project did 
not fall into the category of project grants over $1 million dollars. However the final selection 
of project contractors (given the regional location) has seen numerous local small (trade) 
business gained skill development for several firms including but not limited to; 
 

Company Trade / Service 

South West Electrics GSHP Refrigeration & PLC Commissioning 

Warren Plumbing Installation of Geothermal Heat Exchangers 

WA Geothermal Installation of Cathodic protection systems 

 
6. Project Budget 
The MRAC approved project budget was implemented as per CEEP Agreement 

 

 
 

Additional funding from the Department of Sport and Recreation (DSR) contributed an 
approximate third of total project expenditure, particularly including Phase 3 – Swimming 
Pool Heat & Air (Space) Conditioning Decoupling and new innovation of automated pool filter 
automation to the value of $281,235 ex GST. 
 
As a summary of the projects financial funding split the following table shows the 
contributions by all stakeholders; 
  

Funding Agency Stage 1 & 2 Stage 3 Total 

CEEP $258,325.00   $ Nil $258,325.00  

Shire of Manjimup $259,528.69   $44,617.94  $304,146.63  

  Claim 1 Final Claim  

DSR $200,640.00  $80,595.82 $281,235.82  

   $843,707.45  

 

 COST (Exc. 

GST) 
 CEEP  COUNCIL  CEEP  COUNCIL 

Phase 1 VSD, Server and PLC 60,550$         

VSDs 7,322$           3,661$                  3,661$                  

PLC 19,530$         9,765$                  9,765$                  

Factory Talk Software 7,400$           3,700$                  3,700$                  

PLC Programming 13,400$         6,700$                  6,700$                  

Project Management costs 5,000$           2,500$                  2,500$                  

Contingency 15% 7,898$           3,949$                  3,949$                  

Sub-Totals -$                     30,275$                30,275$                

Phase 2 Ground Source Heat Pumps 456,100$       

Update of energy analysis including pool blanket use 6,000$           3,000$                  3,000$                  

Project Management costs 34,000$         17,000$                17,000$                

Ground source heat pumps (including installation) 336,000$       168,000$              168,000$              

Fencing and security 5,000$           2,500$                  2,500$                  

Process integration 20,000$         10,000$                10,000$                

Contractor Travel 10,000$         5,000$                  5,000$                  

Educational activities 5,000$           2,500$                  2,500$                  

Contingency 10% 40,100$         20,050$                20,050$                

Sub-Totals -$                     -$                     228,050$              228,050$              

In-kind Admin and Project Management 35,000$         

GRAND TOTAL (Exc. GST) 516,650$       -$                     -$                     258,325$              258,325$              

2011/12 2012/13
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As with all project there are unexpected costs or contingency funds are required, the main 
contingency of this project was the need for Cathodic Protection in the below ground bore 
and refrigerant loops. During the drilling program a very high flow and water table level (which 
is great for geothermal systems) was found during the ground loop drilling program about 15 
metres below the site. So to ensure the long term investment in the project an additional 
$32,795 out of a budgeted $40,100 was approved by Council to install this system. 
 
Outside of the Shire of Manjimup’s cash contributions the Shire staff including, Directors, 
Senior Managers, Administration / Finance Team and AquaCentre Staff have contributed 
hundreds of hours to the project implementation, fine tuning of the technology and its 
operation and compliance with grant program. There has been no direct summary of hours 
but a normal compliance cost in Local Government Administration and projects for this type 
generally incur a 5% Governance Cost ($516,000 x 5% = $25,382 ex Gst). This contribution 
to the project has not been added to the overall cash project costs claim. 

 
7. Project Operation, Mechanisms and Processes 

 
The Shire of Management did not have sufficient internal Project Management experience 
hence various consultants were used through the project. This practice is common in Local 
Government but the current staff operating the MRAC have been given all the operation 
training and manuals to get the best performance from the new technology 
 
The following organisations were involved in the project planning & implementation; 

Project Management Team / Contractors 
 

Name Company Project Roles 

Project Management Team 

Gail Ipsen Cutts Shire of Manjimup Project Principal 

Malcolm Neill Nue Wave Project Manager 

Greg Benvenuti Energy Made Clean Technical Consultant 

Rachel Halbert Manjimup Regional 
AquaCentre 

Acting Centre 
Coordinator 

Project Contractors 

David Manoni WA Geothermal Principal Contractor 

Peter Manoni Mantrac Civil Contractor 

David Charlesworth CDJ Engineering Mechanical Engineering 

Colin Heath AI Automation BMS Designer 

Craig Proudfoot SW Electrics Electrical Contractors 

Geoff Williams CDJ Engineering Project Support 

 

The next couple pages of this report show the detailed implementation timeline that was 

followed by the Project Team. 

 

 

 



Phase 1 & 2 Project Plan 

 

 
1 20/11/2012 24/08/2013 5 months

CEEP Milestone 1 Report & Project funding variatrions Done 20/11/2012 22/02/2013 2 months

1.1 25/02/2013 25/02/2013 1 day

1.2 29/04/2013 19/05/2013 3 weeks

1.3 19/06/2013 10/07/2013 3 weeks

1.4 28/07/2013 28/08/2013 1 month

1.5 24/08/2013 28/08/2013 1 week

2 5/08/2013 29/10/2013 2.75 month

2.1 5/08/2013 29/08/2013 2 weeks

2.2 17/08/2013 16/09/2013 4 weeks

2.3 16/09/2013 26/09/2013 2 weeks

3 31/03/2013 29/07/2013 3 months

CEEP Milestone 3 - Tender & Advertising 31/03/2013 5/08/2013

3.1 31/03/2013 13/04/2013 2 weeks

3.2 1/04/2013 20/04/2013 3 weeks

3.3 10/05/2013 27/05/2013 2 weeks

3.4 21/04/2013 21/05/2013 2 weeks

3.5 6/06/2013 28/06/2013 2 weeks

3.6 21/06/2013 15/07/2013 3 days

4 21/06/2013 12/10/2013 3.5 month

Energy Efficient Heating and Other Energy Efficiency at Manjimup Regional Aquacentre

P
o

o
l 

C
lo

s
u

re

Tender response period

GSHP Tender review & Approval by Council

Control and electrical contractors selected

Phase 1 Implemetnation - PLC & VSD (Milestone 4)

VSD procurement for Circulation pumps and configuration of soft starts

PLC procurment and installation - Phase 1

PLC coding and testing

GSHP contractor appointed & Quality Management plan finalised

Phase 2 - GSHP Installation

Phase 2  - Preparation for GSHP

Tender / Project Review by WALGA

Tender Finalised & Advertised Phase 2

Preferred tenderers selected

Done

Done

Done

Done

Done

November

CDJ

Initial Project

Establish Project Team &Project Manager

Request Quotes for Phase 1

Select Subcontractor to deliver Phase 1 -VSD and PLC upgrade

Done

Done

RFQ submission period

Mitsubishi

CDJ Contractor

2013 2014
Number Task Resource Start End Duration

March April May December January FebruaryJune July August September October

CEEP Milestone 5 - Phase 2 Implementation & PR 21/10/2013

4.1 28/06/2013 13/07/2013 2 weeks

4.2

4.3 17/08/2013 22/08/2013 1 week

4.4 6/07/2013 17/08/2013 5 weeks

4.5 17/08/2013 21/08/2013 3 week

4.6 17/08/2013 25/08/2013 4 week

4.7 29/08/2013 21/09/2013 3 weeks

4.8 22/09/2013 26/09/2013 1 week

5 1/10/2013 31/10/2013 1 month
CEEP Milestone 6 - Monitoring & PR 31/10/2013

5.1 10/10/2013 20/10/2013 10 days

5.2 21/10/2013 30/10/2013 10 days
CEEP Milestone 7 - Project Report EMC & Nue Wave 20/11/2013
CEEP Milestone 8 - Financial Report SoM 22/12/2013

6 22/11/2013

Data analysis and write up

P
o

o
l 

C
lo

s
u

re

Pangal

EMC

Hearth House

WA Geotthemal

CEEP Project Sign Off

GSHP Design Finalised

Ground testing (if required)

Work Compound & Site Preparation

Contractor Equipment Procurement

Bore Field Drilling

Cooper Loop & Trenching Installation

Plant integration with AHU & Return Pool Heating

Commissioning

WA Geotthemal

WA Geotthemal

All Search Drilling

ManTRAC

WA Geotthemal

During Drilling

Monitoring and Communication

Pool Data review excluding Leisure Pool heating data



 

14 | P a g e  
 

Phase 3 & Additional Capital Expenditure 

 

 

28/02/2013 28/02/2013

Project Funding Signage Done 16/07/2013 10/09/2013 3 week

Project Team Meeting Done 6/05/2013 7/05/2013 1 day

Hydraulic Design - Pool Decoupling & Circulation Done 21/06/2013 13/07/2013 3 weeks

P
o

o
l 

C
lo

s
u

re

Phase 3 (Decoupling Pool)

CSRFF Milestone 1 - Execute Grant

CSRFF Milestone 2 -Completion of the total Project Plan & Risk

CSRFF Milestone 3 - Completion of the Pool Heating Decoupling

Number Task Resource Start End
NovemberDecember January February

Duration
2013 2014

March April May June July August September October

Pool Decoupling of heating from Lap to Leisure Pool (3 Quotes) See Shutdown Plan 1 week

Implementation of 45kW Heat pump for 32dc Lesiure heat exchanger CDJ Engineeering See Shutdown Plan

Intstallation of OptiDrive to Main Pool Recirculation & HVAC CDJ Engineeering See Shutdown Plan

Automation & Decoupling of Pool Air Handling & Extraction system CDJ Engineeering See Shutdown Plan

22/02/2014

Sand filter Cleaning and proposed automation Capex Shutdown 5 days

Relocation Computer Server Capex ShutDown 3 Days

Possible Ground Source Monitoring Reseach project Inkind TBC 2 weeks

Other Proposed Facility  Maintenance Shutdown

P
o

o
l 

C
lo

s
u

re

CSRFF Milestone 5 - Completion of CSRFF Grant Report

CSRFF Milestone 4 - Commencement of Pool & plant room works 

AquaCentre ShutDown  - Critical Path
Fr Sa Mo Tu We Th Fr Sa Su Mo Tu We Th Fr Sa Su Mo Tu

Closure Advertise Facility Shutdown and Modified Hours MRAC Staff Preshut

Pool Super Chlorination MRAC Staff 9 Days

Pool Heating Shutdown MRAC Staff 0.5 hr

Capex Computer Server & Phone System relocation SoM IT 3 - 5 days

Pool Filtration Backwash & Sand Medium Cleaning CDJ 5 Days

Pool Filter Automation CDJ 2 Days

Any other indoor pool maintenance - Tile repairs

Phase 1 Complete prewiring of Building Management Sensors and Cables CDJ Contractor Preshut

Variable Speed Drive Installation TBA 1.5 days

PLC System Removal CDJ Contractor 1 day

Building Management System Hardware Installation CDJ Contractor 3 - 5 days

New PLC Programming running as original system & testing CDJ Contractor 3 - 5 days

Assess BMS via remote managmeent software (Team Viewer) CDJ Contractor 0.5 day

HVAC Maintetance / adjustments of exisiting HVAC programming MRAC Staff 2 days

Phase 2 Complete Heat Pump, Exchanger and Fan Coil Unit preinstall WA Geothermal Preshut

AHU existing ducting tie ins & installation to new Fan Coil units WA Geothermal 1.5 days

Hot Water take off & return cut for heat exchanger connections WA Geothermal 2 days

Installation of GSHP monitoring equipment WA Geothermal 1 day

Install new Lap to Leisure Heat Pump plumbing & system CDJ 2 days

Connection of GSHP switchboard & hardware SW Electrics 0.5 day

Restart Recommission Pool Pumps & Chlorination MRAC Staff 1 day 8am

Recommission ASHP Pool Heating CDJ / AHI 1 day

Startup GSHP AHU heating only with 1 Fan Unit operating WA Geothermal 1 day

Recommission ASHP Air Heating - 2 Heat Pump Systems CDJ / AHI 2 day

Startup GSHP pool heating after modifications to ASHP programmingWA Geothermal 1-2 days

General Public allowed to reenter pool MRAC Staff

End Duration

September

Su

15 16

N
o
 C

o
n
tr

a
c
to

rs
 o

n
 S

ite

P
u
b
lic

 H
o
lid

a
y

V
a
c
a
tio

n
 S

w
im

m
in

g

Stage
17 18 19 20 21 30 3113 14 22 23 24 25 26 27 28 29

Task Resource Start



8. Conclusion 
 
Overall the project has meet its objectives and has been very successful in introducing 
new a range of new technologies (some being Australian firsts for commercial swimming 
pools) to make the MRAC as efficient and energy cost effective as possible. 
 
As stated by EMC in their report, Attachment 2 
 

The continued superior performance of the GSHP system is not guaranteed. It will be 

necessary to monitor the efficiency   of the system as it is used more intensively. This is 

to ensure that the ground temperature does not degrade to such an extent that the 

efficiency of the system is severely compromised. The equipment which has been 

installed at the MRAC enables this monitoring to take place very easily and it is 

recommended that the MRAC takes steps to ensure the periodic monitoring of the 

system efficiency in conjunction with the relevant energy experts. As the most recent 

data does indicate that there has been some reduction in performance, it is important to 

monitor the performance of the system over time.  

 
The Shire of Manjimup would like to thank all project stakeholders (particularly funding 
agencies), staff and contractors for all the work that has been undertaken to complete this 
project and the benefits this project will bring to the local community and a show case for 
sustainable energy systems in the region. 
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9. Declaration 
DECLARATION 

The Authorised Officer of the organisation makes the following declarations:  
 
    I declare that I am authorised to submit this Final Report (including any attachments) on 

behalf of ………………………………………………………………………… (Name of 
organisation) 

    I declare that the information provided in this Final Report is true and accurate. 
    I understand, and acknowledge that giving false or misleading information in this Final 

Report is an offence under the Criminal Code Act 1995. 
    I understand that final payment will only be made in accordance with the Funding 

Agreement including on satisfactory completion of Milestones.  
 
Authorised Officer Signature: ............................................................... Date: 
......./........../............. 
 
Name: .............................................................. 
 
Position: .............................................................. Organisation: 
...................................................... 
 
Witness Signature: ............................................................................... Date: 
......./........../............. 
 
Name: .............................................................. 
 
Position: .............................................................. Organisation: 
...................................................... 
 
The use and disclosure of information provided in this Final Report is regulated by the 
relevant provisions and penalties of the Public Service Act 1999, the Privacy Act 1988, the 
Freedom of Information Act 1982, the Crimes Act 1914 and the general laws of the 
Commonwealth of Australia. 
 
Information contained in the Final Report may be disclosed by the Department for purposes 
such as promoting the program and reporting on its operation and policy development. This 
information may also be used in answering questions in Parliament and its committees. In 
addition, the selected project information will be made publicly available. Public 
announcements may include the name of the grant recipient and of any project partners; title 
and description of the project and its outcomes; and amount of funding awarded. 
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10. Attachments 
 
Attachment 1 – Draft Energy Efficiency Improvement Assessment (June 2014) 
 
Attachment 2 – EMC Final Project Report 
 
Attachment 3 – GSHP to ASHP Energy Usage Comparison Profiles 

 

  

  
 
 
 
 



Project Energy Efficiency Improvement Annexure 1 

PROJECT TITLE  

Installation of energy efficient pumping and 

high efficiency pool and space heating 

technologies at the Manjimup Regional 

AquaCentre (MRAC) 

PROJECT ID CEEP1248 

FUNDING RECIPIENT Shire of Manjimup DATE June 2014 

 

Building, Facility or Site 1 

Name of Building, Facility or Site 

1 
Manjimup Regional AquaCentre 

Location (address) Finch and Rutherford Streets, Manjimup, 6258 

Type of building, facility or site Leisure and Aquatic Centre 

Activity Type and Measure 
Installation of energy efficiency and renewable energy 

heating systems 

Energy Efficiency Estimate 

Method 

Based on model of existing energy use and estimates of 

renewable energy generation from renewable technologies 

Baseline Energy Usage 

931,679kWh per annum of electricity. (November 2011 to 

October 2012) 

Total energy baseline: 3,354GJ (3.11MJ/l/year) 

Estimate of electrical energy used for pool heating: 1,949GJ 

Baseline Energy Efficiency 

Pool heating baseline energy efficiency: 

1,949GJ/1,077,000l=1.81MJ/l/year (by pool volume) 

1,949GJ/35,521visits=55MJ/visit (by patronage) 

Energy Efficiency Improvement 

Estimated that total energy use for pool heating will be 

reduced to 671J per year. New ratio: 0.62MJ/l/year (by pool 

volume) and 19MJ/visit (by pool patronage) 

Reporting Data (Measuring 

Energy Efficiency and Additional 

Data) 

1,077,00 litres of water maintained at specific temperatures 

year round 

Total visitors to pool for year November 2011-October 2012 is 

38,640.  

Cost of Activity $551,650 (Stage 1 & 2) 

Estimated Cost Savings $46,853 per year 

 

 

 



Annexure B – Risk Management & Mitigation Strategy 

Cause of Risk 

Anything that alone 

or in combination, 

has the potential to 

give rise to a risk 

Identified Risk 

The potential that a chosen 

action or activity, will lead to a 

loss an undesirable outcome 

Impacts 

The effects 

that may 

occur in 

relation to the 

risk, including 

cost, impact 

on health, 

human life or 

property 

Current Controls 

A treatment that is 

modifying or 

reducing the 

chance of a risk 

occurring  

Risk 

Assessmen

t 

Extreme = E 

High = H 

Medium = M 

Low = L 

Treatment 

A control that is established to modify or 

reduce the chance of a risk occurring  

Geotechnical or 

Hydrogeological 

risk 

Ground conditions at 

Manjimup could make 

GSHP more expensive 

to install 

Increase in 

costs/time. 

Reduction 

in efficiency 

Ground testing 

being 

conducted to 

determine 

ground 

conditions 

Medium If water based GSHP used, ground 

conditions can be taken into 

account with design 

Lower than 

expected 

performance 

from equipment 
Ground 

temperature/conductivity 

lower than expected 

Higher than 

expected 

running 

costs 

Conservative 

estimates used 

in calculations. 

Ground testing 

being 

completed to 

give more 

certainty. 

Medium Design refined on basis of ground 

testing results 

Poor cost 

estimation 
Cost estimates too 

low/high 

Insufficient 

funds 

available or 

need to 

change 

Experience 

from other 

councils has 

shown that cost 

estimates are 

reasonable 

Low Council can borrow money to meet 

cost overruns. 



grant 

applications 

Skills and 

experience 

Lack of skills and project 

management time 

Project not 

completed 

on time or 

on budget 

Council is 

appointing a 

project 

manager and 

Owner’s 

Engineer with 

experience with 

this type of 

project 

Medium Further skills and assistance can 

be procured to implement project 
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1 Summary  

Direct-expansion (DX) Ground Source Heat Pumps (GSHP) have been installed at the Manjimup 
Regional AquaCentre (MRAC) as they are more efficient at heating than the existing Air Source Heat 
Pumps (ASHP). The GSHPs have been in operation since mid-December 2013.  

The upgrades to the MRAC included the provision of a new PLC-based control system and new 
measurement instrumentation which enables the calculation of the efficiency of the heating systems. 
These measurements have been used to compare the performance of the GSHP system against the 
existing ASHP units. The efficiency is compared using the Coefficient of Performance (COP) of the 
system.  

Measurements were initially made in summer when warm ambient temperatures mean that the ASHP 
system is very efficient. Measurements made in winter have shown that the ASHP efficiency is affected 
by ambient temperature.  Initial measurements undertaken in the summer indicated that the GSHP 
units are performing more efficiently than the ASHP in almost all ambient conditions including very 
hot summer days. This information was used to optimise the operation of the GSHP system to ensure 
optimal energy savings. Measurements of performance in winter are indicating that there has been a 
reduction in performance from the GSHPs. This needs to be investigated further. In order to achieve 
optimal savings, the GSHP system will need to be used more intensively than has been the case up to 
this point.   

2 Energy Eff iciency Measurements  

Energy efficiency for thermodynamic systems can be made using the quantity known as the Coefficient 
of Performance (CoP). The CoP is broadly defined as:  

𝐶𝑜𝑃 =
𝑇ℎ𝑒𝑟𝑚𝑎𝑙 𝐸𝑛𝑒𝑟𝑔𝑦 𝑜𝑢𝑡𝑝𝑢𝑡

𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑖𝑛𝑝𝑢𝑡
 

For the purposes of this report the CoP will be calculated by measuring the energy transferred from 
the ground and air to the pool water and measuring the electrical energy supplied to the GSHP and 
ASHP systems.  

The amount of energy delivered to the water is calculated from the following equation: 

𝑄 = 𝑚𝐶𝑃∆𝑇 

 

Where Q is the amount of energy transferred to the water 

CP is the heat capacity of water 

ΔT is the temperature difference between the cold and heated water 

m is the amount of water heated 

The amount of electrical energy supplied to the systems is measured by electrical energy meters in 
kilowatt-hours. This is converted to kJ by multiplying by the factor 3600.  

The CoP is then calculated by dividing the energy supplied to the water by the electrical energy 
consumed by the system.  

http://www.energymadeclean.com/


www.energymadeclean.com  iii | P a g e  
 

The CoP is greatly influence by the difference in temperature between the substance being heated 
and the body from which heat is being extracted. The larger the temperature difference the less 
efficient the heat pump. The advantage of the GSHP system is that the ground temperature is a lot 
less variable than the ambient temperature. The ASHP system COP is dependent on the ambient 
temperature which can vary greatly with time of day and season.  

2.1  Instrumentation  

The following table details the instrumentation used for the calculations 

Quantity Instrument Unit 

Water flow Turbine flow meter l/s 

Water inlet temperature PT100 temperature probe °C 

Water outlet temperature PT100 temperature probe °C 

GSHP electricity usage kWh meter kWh 

ASHP electricity usage kWh meter kWh 

The diagram below shows where the instruments are located in the plant flow sheet.  
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2.2  Results and Recommendations  

Data has been collected to compare the COP of the GSHP vs ASHP systems. It is particularly important 
to determine the COP of the ASHP at different ambient temperatures. This provides input into the 
decision as to when it is beneficial to run the ASHP instead of the GSHP. Prior to this data being 
collected, an outside ambient temperature of 20°C has been used as the threshold above which the 
ASHP system has been used. The data collected indicate that this is too low and that this threshold 
should be increased.  

Data collected for the ASHP: 

Date Ambient 
temperature 
°C 

Inlet water 
temperature 
°C 

Outlet water 
temperature 
°C 

Flow rate 
l/min 

Calculated 
power /kW 

COP 

20 Jan 36.4 29.8 34.4 1000 320 3.96 

23 Jan 32.8 29.9 33.7 1000 244 3.00 

12 Feb 28.5 30.9 35.4 1000 313 4.83 

12 Feb 25.0 30.6 33.5 1000 230 3.55 

13 Feb 18.0 30.3 33.5 1000 223 2.93 

13 Feb 15.8 30.2 33.4 1000 223 2.89 

15 June 15.5 31.3 36.4 1000 320 3.30 

For the GSHP System, the following data has been collected.  

Date Ambient 
temperature 
°C 

Inlet water 
temperature 
°C 

Outlet water 
temperature 
°C 

Flow rate 
l/min 

Calculated 
power /kW 

COP 

20 Jan 36.4 29.8 32.6 950 195 5.53 

23 Jan 20.5 30.7 32.8 950 146 6.61 

12 Feb Mechanical Warranty Repairs being undertaken, no data could be collected. 

15 Jun 15.5 31.2 33.6 950 155 3.8 

The comparison indicates the GSHP system was very efficient after commissioning. However, the 
efficiency does seem to have reduced over time.  It is recommended that the threshold temperature 
at which GSHP is used be increased to increase the proportion of time during the warmer months that 
the GSHP system runs in pool heating mode.  

The results also show that the modelling that was done as justification for this project was broadly 
correct as the COPs used in the modelling were in line with the COPs that are now being measured in 
practice.  

In order to achieve the financial and environmental savings envisioned in the modelling and project 
justification, the GSHP units need to be used more often than they are currently.  

http://www.energymadeclean.com/
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Further examination of performance in June 2014 has indicated somewhat poorer performance of the 
GHSP units. This may be due to a reduction in the amount of heat available in the ground. However, 
this needs to be investigated further.  

 

2.3  Further study 

The continued superior performance of the GSHP system is not guaranteed. It will be necessary to 
monitor the efficiency   of the system as it is used more intensively. This is to ensure that the ground 
temperature does not degrade to such an extent that the efficiency of the system is severely 
compromised. The equipment which has been installed at the MRAC enables this monitoring to take 
place very easily and it is recommended that the MRAC takes steps to ensure the periodic monitoring 
of the system efficiency in conjunction with the relevant energy experts. As the most recent data does 
indicate that there has been some reduction in performance, it is important to monitor the 
performance of the system over time.  
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Attachment 3 - MRAC GSHP vs ASHP Energy Profile 20 -22 January 2014 

 

Note - Low square profiles are GSHP Kw Usage & high Peaks are ASHP Usage 


